(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 

International Bureau 




(43) International Publication Date prT (10) International Publication Number 

8 June 2006 (08.06.2006) ^ 1 WO 2006/060277 A2 



(51) International Patent Classification: 
G01F 23/52 (2006.01) 

(21) International Application Number: 

PCT/US2005/042740 

(22) International Filing Date: 

22 November 2005 (22. 1 1 .2005) 



(25) Filing Language: 

(26) Publication Language: 



English 
English 



(30) Priority Data: 

11/001,726 



2 December 2004 (02.12.2004) US 



(71) Applicant (for all designated States except US): OP- 
TOSENSE TECHNOLOGIES, INC. [US/US]; 3645 
Woodhead Drive, Northbrook, IL 60062 (US). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): HODGE, Malcolm 

[US/US]; 400 N. Mcclung Court, #3607, Chicago, IL 
60611 (US). MARGOLIN, Mark [US/US]; 1150 Hilary 
Lane, Highland Park, IL 60035-2341 (US). 

(74) Agents: SHAFTAL, Max et aL; PATZIK, FRANK & 
SAMOTNY LTD., 150 S. Wacker Drive, Suite 900, 
Chicago, IL 60606 (US). 



(81) Designated States (unless otherwise indicated, for every 
kind of national protection available): AE, AG, AL, AM, 
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN, 
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI, 
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE, 
KG, KM, KN, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, 
LY, MA, MD, MG, MK, MN, MW, MX, MZ, NA, NG, NI, 
NO, NZ, OM, PG, PH, PL, PT, RO, RU, SC, SD, SE, SG, 
SK, SL, SM, SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US, 
UZ, VC, VN, YU, ZA, ZM, ZW. 

(84) Designated States (unless otherwise indicated, for every 
kind of regional protection available): ARIPO (BW, GH, 
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM, 
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), 
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI, 
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, NL, PL, PT, 
RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, 
GN, GQ, GW, ML, MR, NE, SN, TD, TG). 

Published: 

— without international search report and to be republished 
upon receipt of that report 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



(54) Title: FIBER OPTIC FLAMMABLE LIQUID MEASURING SYSTEM 




\^ (57) Abstract: An optical liquid measuring system for measuring the amount of-flammable liquid in a storage tank consisting of 
a pair of encoder disks that are operatively connected to a pair of floats through a pair of pulley systems. The floats are designed 
so that the first float will float on top of flammable liquid such as gasoline, and the second float will float on top of water. Optical 
encoder reader heads or optical connectors are located proximate to the respective encoder disks to receive light that is reflected by 
or transmitted through the encoder disks. The optical connectors include a plurality of optical fibers that receive the light from the 
encoder disks and transmit signals to a CPU. The CPU then takes the information derived from the received signals and uses an 
algorithm to accurately calculate the amount of gasoline and water in the storage tank. 
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FTBER OPTIC FLAMMABLE LIQUID MEASURING SYSTEM 

TECHINICAL FIELD 

The invention relates to systems for measuring the fluid level in storage containers or 

tanks, and more particularly, to an optical liquid measurement system consisting of encoder 
disks and optical fibers to determine the level of two different fluids in storage containers or 
tanks. 

BACKGROUND ART 

Gasoline filling stations and other entities often store gasoline or other flammable 

liquids in storage tanks or containers that are commonly underground. As it is important to 
know how much liquid is present in the storage tank, and an individual generally cannot 
visually see how much liquid is in the storage tank, various methods have been used to 
measure the amount of liquid in the tank. 

One of the most common methods to measure the liquid in storage tanks is to use a 
dipstick that is inserted and then removed from the storage tank. While this may provide a 
general estimate of the amount of fluid in the storage tank in some circumstances, it is both 
cumbersome to use and subjective in how the fluid level is read. Use of a dipstick also often 
allows water to enter the storage tanks. As the dipstick is only designed to measure the 
amount of liquid in the storage tank, use of a dipstick will not take into consideration the 
amount of water or other contaminants that are present in the storage tank, which will further 
skew the measurement. Failing to determine the amount of water in the storage tanks can 
also lead to financial loss to the owner as possible leaks may not be readily detected and EPA 
fines may be levied. 

Traditional devices for sensing or providing information on fluid levels have 
generally been analog devices that had limited accuracy. Many of the prior systems also 
utilized electrical parts that created hazards due to the volatile nature of the gasoline or 
flammable liquid. 
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Therefore, there is a need for a system and method that can accurately and safely 
determine the amount of gasoline or other flammable fluids in storage tanks, while being 
economical and easy to manufacture and install. 

DISCLOSURE OF THE INVENTION 

The present invention is an improvement over the prior systems for measuring the 

fluid level in storage tanks in that the way that the system of the present invention safely 
detects the amount of a flammable liquid in a storage tank is new and improved over the prior 
art. In particular, the system disclosed herein utilizes two floats having densities that allow 
the first float to float on the flammable liquid and the second float to float on water and/or 
other liquid contaminants in the storage tank. Each of the floats is preferably operatively 
connected to a rotatable sprocket or toothed pulley wheel by a chain, belt, tether or the like 
(hereinafter "chain"). A drone pulley wheel may be located adjacent each of the sprockets so 
that the rim of the pulley wheel contacts the chain and/or the teeth of the sprocket to prevent 
the chain from slipping. In a preferred embodiment the floats travel within perforated guide 
tubes to inhibit lateral drift or movement to provide for more accurate measurements. 
Precision for measuring the levels of fluids may be adjusted by changes the capstan diameter 
of the encoder disks. 

In one embodiment, counterweights are attached to the other ends of the chains to 
balance the floats and maintain tautness in the chains. Alternately, the chains may also 
extend around a respective second sprocket or toothed pulley located within the storage tank 
whereby a loop is formed about the sprockets. The system may also utilize a pair of pulley 
wheels attached to or near the end of a telescoping bracket so that they are located within the 
storage tank at or near the bottom. In this embodiment, each float is attached to the end of its 
respective chain so that when the chain is extended about the pulley, the float will float on top 
of the gasoline or water. In order to maintain tautness in the chains, individual springs are 
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preferably operatively attached to the ends of the chains about the sprockets. 

The sprockets are attached to a shaft or cylinder that is rotatably connected to the 
inside walls of the storage tank or a structure inside the storage tank. Encoder disks 
comprising reflective masks are also attached to the corresponding shafts or cylinder so that 
rotation of the sprockets also rotates the corresponding encoder disk. In order to isolate and 
protect the encoder disk and other optical parts, an environmental barrier or enclosure 
preferably encloses each encoder disk and other optical parts, with one side of the barrier 
positioned between a sprocket and the corresponding encoder disk. In order to permit the 
shafts to rotatably connect the encoder disks and sprockets, the shafts each extend through a 
hole in the respective barrier that is sealed with a gasket or other known means that permit 
the shafts to rotate. 

Optical encoder reader heads or optical connectors are located proximate each of the 
encoder disks. In a preferred embodiment, the optical connectors are integral with the cover 
of the storage tank. Each of the reader heads or optical connectors has a plurality of optical 
fibers associated therewith. In one embodiment, three optical fibers are used wherein two 
fibers transmit or deliver light to the encoder disk that is reflected back from the encoder disk 
in a known way, and the third optical fiber receives the reflected light. It is also appreciated 
that the light may be generated by a light emitting diode ("LED") or a laser. The optical 
fibers may then transmit signals to a central processing unit (CPU) of a computer or other 
receiving device to enable remote determination of the amount of fluid in the storage tank. 

In operation, when either of the floats moves vertically within its respective guide 
tube, the respective chain will also move, thereby rotating the corresponding sprocket and 
encoder disk. Fiber optic cables will then receive light signals that are reflected by or 
transmitted through the encoder disk and transmit those signals to the CPU. With the size 
and dimensions of the storage tank already inputted into the CPU, the CPU can then 



3 



WO 2006/060277 PCT/US2005/042740 

accurately calculate the amount of gasoline and water in the storage tank using a simple 
algorithm. 

It is therefore an object of the present invention to provide a new and improved 
system and method for determining the fluid level in storage containers or tanks that provides 
a safe and continuous readout. 

Another object of the present invention is to provide a new and improved system and 
method for determining the fluid level in storage containers that provides a substantially 
accurate reading of the actual fluid level in the storage containers. 

Yet another object of the present invention is to provide a new and improved system 
and method for determining the fluid level in storage containers that provides for 
substantially instantaneous verification of the amount of fluid filled into the storage 
container. 

It is yet another object of the present invention is to provide a new and improved 
system and method for determining the fluid level in storage containers or tanks that allows 
for remote monitoring. 

Other objects, features and advantages of the invention will be apparent from the 
following detailed disclosure, taken in conjunction with the accompanying sheets of 
drawings, wherein like reference numerals refer to like parts. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a front plan view of a sprocket, drone pulley wheel and encoder disk of one 

embodiment of a liquid measuring system of the present invention. 

FIG. 2 is side plan view illustrating the sprocket, drone pulley wheel and encoder disk 
shown in FIG. 1 being rotatably attached to the storage tank. 

FIG. 3 is a front plan view of the optical connector of FIG. 1 showing three fiber-optic 

cables. 
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FIG. 4 is perspective view of a liquid measuring system of the present invention 
showing a pair of guidance tubes for housing a pair of floats and counterweight that are 
operatively connected to encoder disks to transmit signals regarding the amount of fluid in 
the storage tank. 

FIG. 5 is a front elevation plan view showing another embodiment of a liquid 
measuring system of the present invention illustrating a float attached to a continuous loop 
that extends around two sprockets. 

FIG. 6 is a side plan view of the liquid measuring system shown in FIG. 5. 

FIG. 7 illustrates a schematic plan view of an alternate embodiment of a liquid 
measuring system of the present invention utilizing a float attached to a spring-loaded chain 
or tether that extends about a pulley located within the storage tank. 

DETAILED DESCRIPTION OF THE INVENTION 

While this invention is susceptible of embodiment in many different forms, there is 

shown in the drawings and will herein be described in detail several specific embodiments, 
with the understanding that the present disclosure is to be considered merely an 
exemplification of the principles of the invention and the application is limited only to the 
appended claims. 

Referring now to the drawings, and in particular to FIGS. 1 through 4, an embodiment 
of the optical liquid measuring device of the present invention, generally designated by the 
reference number 10, is shown and disclosed for use in connection with a storage tank or 
container 12. The optical liquid measuring device preferably comprises a pulley system, 
generally designated by the reference number 14, a pair of optical encoder disks 16, 18 and 
an optical encoder reader head or optical connector 20. 

The pulley system 14 preferably comprises two pulleys wheels or sprockets 22, 24 for 
separately determining the amount of flammable liquid and the amount of water present in 
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the storage tank. In a preferred embodiment, the flammable liquid is gasoline, however, it is 
appreciated that the amount of other flammable liquids may be measured and not depart from 
the scope of the present invention. Additionally, it is appreciated that the system may 
determine the amount of other liquids in addition or instead of water, provided that the 
density of the liquids is known. 

As shown in FIGS. 1 and 2, each of the sprockets 22, 24 is attached about its center to 
a shaft or cylinder 26 that is rotatably attached in a known way to the walls of the storage 
tank or to other structures within the tank so that each shaft will rotate with its respective 
sprocket. A steel or aramid cables, ropes, straps, timing belts, link chains, or other known 
elongated items 30, 32 that may be used with the sprockets (hereinafter generally referred to 
as "chains") are individually attached to each of the sprockets in a known way. In a preferred 
embodiment, the hub 28 of each sprocket 22, 24 has projections or teeth that extend outward 
and fit within corresponding holes or loops in the corresponding chain 30, 32. It also is 
appreciated that the chains 30, 32 may include projections or teeth that engage corresponding 
holes or slots on the surface of the hub 28. While the use of sprockets and chains with holes 
is shown and disclosed, it is appreciated that other types of known pulley wheels and 
corresponding chains that permit rotation of the pulleys by movement of the chains may be 
used and not depart from the scope of the present invention. 

One end of each of the chains 30, 32 is attached to corresponding floats 34, 36 and the 
other ends of the chains 30, 32 are attached to corresponding counterweights 38, 40. In order 
to assist in preventing the chain 30 from slipping about the sprocket 22, it is appreciated that 
a drone pulley 44 may be attached to the storage tank 12 or structure within the storage tank 
by a shaft or cylinder 46, so that the outer rim of the drone pulley 44 presses against the chain 
30 and/or the teeth of the sprocket 22. A drone pulley may also be attached to the storage 
tank 12 or structure within the storage tank through a shaft or cylinder so that the outer rim of 
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the drone pulley presses against the chain 32 to prevent the chain 32 from slipping about the 
sprocket 24. 

In operation, the first sprocket 22 and associated chain 30, float 34 and counterweight 
38 are used to measure the amount of gasoline in the storage tank, while the second sprocket 
24 and associated chain 32, float 36 and counterweight 40 are used to measure the amount of 
water in the storage tank. As the density of gasoline is about 0.69 grams per milliliter (but 
may vary depending on the characteristics of the gasoline) and the density of water is about 
1.00 grams per milliliter, the first float 34 has a density that is less than the density of 
gasoline so that it will float on top of the gasoline, and the second float 36 has a density that 
is greater than density of gasoline and less than the density of water so that it will float on top 
of the water. 

In order to prevent lateral movement of the floats and prevent possible errant 
measurements, the floats 34, 36 preferably travel within one or two guidance tubes 42. While 
the tubes may be solid with an opening at or near the bottom so that the liquid will be forced 
up the tubes, the tubes are preferably perforated to allow for the gasoline and water to flow 
through the tubes at the respective levels. It is appreciated that the guidance tubes may be 
attached to the optical liquid measuring device or the storage tank in a known way. 

In an alternate embodiment, instead of counterweights, as shown in FIGS. 5 and 6, the 
pulley system 14 may include a second pulley wheel or sprocket 50 for each sprocket 22, 24 
that is attached to a telescoping pulley-support brace 52 by a shaft or cylinder 54. While it is 
appreciated that the brace may not be telescopic, use of a telescoping brace allows for the 
system to be effectively used in storage tanks having different depths. In the preferred 
embodiment, the support brace is substantially U-shaped so that the gasoline and water can 
flow into the support brace. The support brace is preferably made of aluminum but may be 
made of other types of materials that will not be aversely affected by water and gasoline and 
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not depart from the scope of the present invention. It is also appreciated that the second 
pulley wheels may be attached to the bottom or sides of the storage tank in a known way and 
not depart from the scope of the present invention. 

As shown in FIG. 5, the chain 30 forms a continuous loop about the sprocket 22 and 
one of the second pulley wheels 50. Similarly, the cable 32 forms a continuous loop about 
the pulley 22 and another of the pulleys 26. In operation, the float 34 is attached to the chain 
30 in a known way so that it rises or lowers with the level gasoline in the storage tank, while 
the float 36 is attached to the chain 32 in a known way so that it rises or lowers with the water 
level in the storage tank. 

FIG. 7 shows another embodiment of the pulley system of the present invention 
utilizing second pulley wheels. Instead of a continuous loop about the second pulley wheel 
50, the chain 30 may extend about the one of the second pulley wheels 50 to permit the float 
34 at the end of the chain 30 to float on the gasoline. Similarly, the chain 32 may extend 
about the other second pulley wheel 50 to permit the float 36 at the end of the chain 32 to 
float in the water. It is appreciated that in order to prevent lateral drift of the floats, the floats 
may extend in guidance tubes 42 placed in the storage tank. It is further appreciated that the 
second pulley wheels 50 may be attached to a telescopic support brace, the storage tank or the 
guidance tube in a known way. In order to maintain tautness in the chains 30, 32, individual 
springs (not shown) are preferably operatively attached to the ends of the chains 30, 32 about 
the sprockets 22, 24. 

The optical encoder disks 16, 18 are preferably each attached about their center to the 
shafts or cylinder 26 that are connected to the respective sprockets 22, 24 so that rotation of 
one of the sprockets 22, 24 also rotates the respective optical encoder disk 16, 18. In a 
preferred embodiment, an enclosure such as a box or box frame 58 surround the sprocket 22, 
24, encoder disks 16, 18 and optical sensor. In order to protect the optical area of the optical 
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liquid measuring device 10 (namely, among other things, the encoder disks 16, 18 and the 
optical encoder reader heads or optical connectors 20) from damage due to, among other 
things, liquid splashes, evaporation and condensation, the optical area is preferably protected 
by a structural barrier 60 that alone, or with the box 58 and/or storage tank 12, acts to 
hermitically seal the optical area. The encoder disks each preferably include or comprise a 
mask of a known type to permit pulses to be reflected off of the encoder disks. 

Referring again to FIGS. 1 through 7, the optical encoder reader heads or optical 
connectors 20 are located proximate each of the encoder disks. In a preferred embodiment, 
the optical connectors are integral with or sealed within the cover 70 of the storage tank so 
the integrity of the storage tank is not compromised. 

Each of the optical connectors or optical encoder reader heads 20 has a plurality of 
optical fibers 72 associated therewith. In one embodiment, three optical fibers are used 
wherein two fibers are connected to a light source (such as, but not limited to, a light emitting 
diode "LED" or a laser) to transmit or deliver light to the mask of the encoder disk. The light 
then is reflected back from the encoder disk in a known way, and the third optical fiber 
receives the reflected light. As it is preferred that the encoder disks be absolute encoder 
disks, it is appreciated that the light source be masked to a narrow beam in a known way. 
The optical fibers may then transmit signals, which are preferably digital signals, to a photo 
detector associated with or attached to a photo detector associated with or attached to a 
central processing unit (CPU) (not shown) of a computer or other receiving device to enable 
remote determination of the amount of fluid in the storage tank. In particular, the dimensions 
of the storage tank 12 may be input or imported into, or otherwise accessed by, the CPU in a 
known way. The CPU may then take the information received from the encoder disks 16, 18 
and the optical fibers 72, together with the cross-sectional geometry of the storage tank 12, 
and accurately calculate the amount of gasoline and water in the storage tank 12 using a 
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simple algorithm. It is also appreciated that the CPU may include a modem or other known 
means to connect to the Internet to allow for remote monitoring of storage tanks. 

While the three optical fiber configuration is preferred, it is appreciated that two, four 
or any number of optical fibers may be used and not depart from the scope of the present 
invention. In the case of two optical fibers, it is appreciated that both of the optical fibers 
may transmit light into corresponding receiving fibers. In the case of four optical fibers, it is 
appreciated that one of the optical fibers may be redundant for illumination or return signal 
transmission. It is further appreciated that' a splitter may be connected to the optical fibers in 
a known way to enable bi-directional signal transmission. 

In operation, the receiving fibers receive pulses that are reflected off of the encoder 
disk to transmit information regarding the height or location of the floats in the storage tanks. 
In order to determine the amount of the change of fluids in the storage tank, it is appreciated 
that the system be calibrated when the floats are at either the top or bottom of the storage 
tank. Based upon the number of pulses received, the system may then determine the amount 
of gasoline and water in the storage tank. 

While it is preferred that light be reflected off of the encoder disks, it is appreciated 
that the light source may be located on the opposite side of a perforated encoder disk as the 
receiving fiber(s) wherein light may be transmitted from the transmitting fibers through the 
perforated disk and received by the receiving fibers for transmission to a photo detection or 
other receiving device. 

It should be understood that various modifications, changes and variations may be 
made in the arrangement, operation and details of construction of the invention disclosed 
herein without departing from the spirit and scope of the invention. The present disclosure is 
intended to exemplify and not limit the invention. 
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FIBER OPTir FT .AMMABLE LIQUID MEASURI NG SYSTEM 

We claim: 

1 . An optical liquid measuring device for determining the amount of flammable 
liquid in a storage tank that also contains water and/or other contaminant liquids, the optical 
liquid measuring device comprising: 

a first float having a density that is greater than the flammable liquid but less than the 

water; 

a second float having a density that is less than the flammable liquid; 

means to convert the vertical displacement of the first and second floats inside the 
storage tank into digital signals; 

a CPU capable of receiving the digital signals; 

an optical connector for receiving the digital signals; 

fiber optic cables for transmitting the digital signals to the CPU; and 

computing means for determining the amount of flammable liquid and water in the 
storage tank. 

2. An optical liquid measuring device for determining the amount of flammable 
liquid in a storage tank that also contains water and/or other contaminant liquids, the optical 
liquid measuring device comprising: 

a first encoder disk; 

a first optical encoder reader head adjacent the first encoder disk for receiving light 
that is reflected by or transmitted through the first encoder disk; 

a first float having a density that is greater than the flammable liquid but less than the 

water; 

first pulley means associated with the first float and operatively connected to the first 
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encoder disk for translating the vertical movement of the first float to the first encoder disk; 
a CPU capable of receiving signals; 

optical fibers connected to the first optical encoder reader head for transmitting 
signals to the CPU; 

a second encoder disk; 

a second optical encoder reader head adjacent the second encoder disk for receiving 
light that is reflected by or transmitted through the second encoder disk; 

a second float having a density that is less than the flammable liquid; 

second pulley means associated with the second float and operatively connected to the 
second encoder disk for translating the vertical movement of the second float to the first 
encoder disk; 

optical fibers associated with the second optical encoder reader head for transmitting 
signals to the CPU; and 

computing means for determining the amount of flammable liquid and water in the 
storage tank. 

3. The optical liquid measuring device of claim 2 wherein the number of optical 
fibers connected to each of the first and second encoder reader heads is three. 

4. The optical liquid measuring device of claim 3 wherein two optical fibers of 
each of the first and second encoder head transmit or deliver light to the respective encoder 
disk and the third optical fiber receives light that is reflected off of the respective encoder 
disk. 

5. The optical liquid measuring device of claim 2 wherein the number of optical 
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fibers connected to the first and second encoder reader heads is two. 

6. The optical liquid measuring device of claim 2 wherein the light is generated 
by a light emitting diode. 

7. The optical liquid measuring device of claim 2 wherein the light is generated 
by a laser. 

8. The optical liquid measuring device of claim 2 wherein the signals are 
detected by a photo detector. 

9. The optical liquid measuring device of claim 2, which further comprises a 
splitter to enable bi-directional signal transmission. 

10. The optical liquid measuring device of claim 2 wherein the first and second 
floats each travel within a tube. 

11. The optical liquid measuring device of claim 10 wherein the tube is 
perforated. 

12. The optical liquid measuring device of claim 2 wherein the first and second 
floats are each attached to a guidance rod. 

13. The optical liquid measuring device of claim 2 wherein the CPU comprises 
means to remotely transmit data. 
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14. The optical liquid measuring device of claim 13 wherein the means to 
remotely transmit data is a modem. 

15. The optical liquid measuring device of claim 2 wherein the signals are digital. 

16. The optical liquid measuring device of claim 2 wherein the number of optical 
fibers connected to the first and second encoder readers is four. 

17. The optical liquid measuring device of claim 2 wherein the first pulley means 
comprises: 

a sprocket; 

a chain that engages the sprocket, wherein the chain has a first end and a second end, 
and wherein the first end of the chain is attached to the first float; and 
a counterweight attached to the second end; 
and the second pulley means comprises: 
a sprocket; 

a chain that engages the sprocket, wherein the chain has a first end and a second end, 
and wherein the first end of the chain is attached to the second float; and 
a counterweight attached to the second end. 

18. The optical liquid measuring device of claim 17, which further comprises 
guidance tubes which encompass the ends of the chains to limit the lateral drift of the floats 
and counterweights. 
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19. The optical liquid measuring device of claim 17, which further comprises a 
pair of drone pulleys that engage the sprockets of the first and second pulleys means to 
prevent the corresponding chains from slipping. 

20. The optical liquid measuring device of claim 2 wherein the storage tank has a 
top and a bottom, and the first pulley means comprises: 

a first sprocket located proximate the top of the storage tank; 

a second sprocket located proximate the bottom of the storage tank; and 

a chain that forms a loop about the first and second sprockets and which is attached to 

the first float; and 

the second pulley means comprises: 

a first sprocket located proximate the top of the storage tank; 
a second sprocket located proximate the bottom of the storage tank; and 
a chain that forms a loop about the first and second sprockets and which is attached to 
the first float. 

< 

21. The optical liquid measuring device of claim 20, which further comprises a 
telescoping brace having a bottom, wherein at least one of the second sprockets of the first or 
second pulley means is attached proximate to the bottom of the telescoping brace. 

22. The optical liquid measuring device of claim 2 wherein the storage tank has a 
top and a bottom, and the first pulley means comprises: 

a first sprocket located proximate the top of the storage tank; 

a second sprocket located proximate the bottom of the storage tank; 

a chain having a first end and a second end, wherein the chain engages the first 
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sprocket and extends downward and around the second sprocket, and wherein the 

second end is attached to the first float; and 

spring means that bias the chain toward the first sprocket; 

and the second pulley means comprises: 

a first sprocket located proximate the top of the storage tank; 

a second sprocket located proximate the bottom of the storage tank; 

a chain having a first end and a second end, wherein the chain engages the first 

sprocket and extends downward and around the second sprocket, and wherein the 

second end is attached to the second float; and 

spring means that bias the chain toward the first sprocket; 

23. The optical liquid measuring device of claim 22, which further comprises 
guidance tubes which encompass the second ends of the chains to limit the lateral drift of the 
floats. 

24. The optical liquid measuring device of claim 2 wherein the first and second 
encoder disks are perforated and wherein light is transmitted through the first and second 
encoder disks to the respective first and second optical encoder reader heads. 

25. An optical liquid measuring device for determining the amount of liquid in a 
storage tank, the optical liquid measuring device comprising: 

a float having a density that is less than the liquid; 

means to convert the vertical displacement of the float inside the storage tank into 
digital signals; 

a CPU capable of receiving the digital signals; 
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an optical connector for receiving the digital signals; 

optical fibers for transmitting the digital signals to the CPU; and 

computing means for determining the amount of liquid in the storage tank. 

26. The optical liquid measuring device of claim 25 which further comprises: 
a second float having a density that is less than water and greater than the liquid; 
means to convert the vertical displacement of the second float inside the storage tank 

into second digital signals that may be received by the CPU; 

a second optical connector for receiving the second digital signals; and 
second optical fibers for transmitting the second digital signals to the CPU. 

27. The optical liquid measuring device of claim 26 wherein the computing means 
for determining the amount of liquid in the storage tank comprises computing means for 
determining the amount of water in the storage tank 

28. An optical liquid measuring device for determining the amount of liquid in a 
storage tank, the optical liquid measuring device comprising: 

a first encoder disk; 

a first optical encoder reader head adjacent the first encoder disk for receiving light 
that is reflected by or transmitted through the first encoder disk; 
a first float having a density that is less than the liquid; 

first pulley means associated with the first float and operatively connected to the first 
encoder disk for translating the vertical movement of the first float to the first encoder disk; 
a CPU capable of receiving signals; 

optical fibers connected to the first optical encoder reader head for transmitting 
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signals to the CPU; and 

computing means for determining the amount of liquid and in the storage tank. 



29. The optical liquid measuring device of claim 28 which further comprises: 
a second encoder disk; 

a second optical encoder reader head adjacent the second encoder disk for receiving 
light that is reflected by or transmitted through the second encoder disk; 
a second float for floating on water; 

first pulley means associated with the second float and operatively connected to the 
second encoder disk for translating the vertical movement of the second float to the second 
encoder disk; and 

optical fibers connected to the second optical encoder reader head for transmitting 
signals to the CPU. 

30. The optical liquid measuring device of claim 29 wherein the computing means 
for determining the amount of liquid in the storage tank comprises computing means for 
determining the amount of water in the storage tank. 
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